Abstract. In a colony of rhesus monkeys (Macaca mulatta), 42 cases of nontuberculous mycobacterial-related disease were identified from 1970 to 1978. The disease affected young and old colony-born and wild-caught monkeys of both sexes. Serotypes 1, 2, 4, 8, and 18 of the Mycobacterium avium-intracellulare group were isolated from different monkeys. The lesions were primarily intestinal in 36 monkeys. Lesions of the large intestine, small intestine, and mesenteric lymph nodes were characterized by diffuse accumulations of large macrophages containing many acid-fast bacteria. Acid-fast bacteria could not be identified histologically in four monkeys with typical histories of diarrhea and weight loss, positive skin reactions to the tuberculin test with M. avium tuberculin, and isolation of the organism from tissues on one or more occasions. Two monkeys had histologically positive lesions limited to the lungs, although chronic colitis of undetermined cause was present.
Enteric disease is recognized as a major cause of morbidity and mortality in nonhuman primate colonies [l] . One recognized cause of enteric disease in macaques has been nontuberculous mycobacterial infection (Mycobacterium avium-intracellulare) [2, 6, 7, [9] [10] [11] [12] . At the California Primate Research Center, this disease occurred primarily in Macaca nemestrina prior to 1972 and less frequently in other macaques [ 1 11 . We determined the prevalence and lesions of nontuberculous mycobacterial disease in Macaca mulatta at the Center from 1970 to 1978.
Materials and Methods
During the period of this study, monkeys were housed in both indoor and outdoor cages. Indoor cages included both group and individual caging. Outdoor caging consisted primarily of the corn-crib type (oval cages 4 to 5m in diameter) on a variety of surfaces including concrete, asphalt, gravel, and rock. The social grouping in outdoor cages was primarily of the harem type, although juvenile peer groups also were common. A more recent type of enclosure used by the Center consists of field cages 20,000 square feet in area, which hold groups of 30 to 80 macaques. Management, feed, and health surveillance have been described [lo] . The average population of M . mulatta ranged from a low of 752 in 1973 to a maximum of 1,098 in 1977. During this period, the colony averaged 49% wild-caught and 34% males.
All rhesus monkeys that died at the Center were examined grossly, and representative tissue samples were fixed in buffered 10% formalin. Paraffin-embedded, hematoxylin and eosin (HE)-stained sections of tissue were examined histologically. Typically, at least two to four sections of both small and large intestines were examined histologically for all necropsies at the Center, with 10 to 12 sections of each segment available from several monkeys. Special stains used routinely were acid-fast procedures to confirm all suspected mycobacterial lesions, and congo red for amyloid. Additional histological stains included periodic acid-Schiff (PAS), Giemsa, and Gram's stain.
Mycobacterial isolation and typing were done by the National Animal Disease Laboratory, Ames, Iowa. Tissues were obtained aseptically at the time of biopsy or necropsy, placed in borate buffer, and sent to the laboratory.
Results
Forty-two cases of nontuberculous mycobacterial disease were identified in rhesus monkeys ( M . mulatta) at the Center from 1970 to 1978. The yearly incidence of these cases and sex of monkeys are listed in table I. Twelve cases occurred in colony-born monkeys, and 30 cases in wild-caught monkeys (table 11) . Among the colony-born monkeys, the youngest affected was 0.5 years and the oldest was 9.8 years (table 11) . Among wild-caught monkeys, the shortest period of housing at the Center was 2.2 years and the longest was 10.4 years. Most wild-caught monkeys were at least one to three years old when imported. Ten of the 42 monkeys had been housed indoors only, while the remainder had been housed outdoors at least part of their lives. Four of the monkeys housed indoors were colony-born and six were wild-caught.
Necropsy
The typical findings related to mycobacterial lesions were marked symmetrical enlargement of most mesenteric lymph nodes; minimal to moderate thickening of the intestinal wall, most frequently in the distal small intestine and large intestine; and a small amount of fluid ingesta throughout the alimentary tract. The thickened areas of the intestinal wall frequently were large, ill-defined areas blending with normal mucosa, but there were also discrete areas with a granular mucosal surface. Only monkeys with Salmonella or Shigella infections had bloody diarrhea. Mesenteric lymphatic vessels were prominent in typical cases, reflecting inflammatory cell accumulations within the vessel wall. No gross enteric lesions other than fluid feces were found in some monkeys in which the disease was identified histologically. The spleen also was diffusely enlarged, up to twice the normal size in a few monkeys. A variety of other changes related to concurrent diseases, such as amyloidosis and malignant lymphoma, were found. Primary mycobacterial involvement of organs other than lymph nodes, spleen, and intestinal tract was not found during gross examination except in four monkeys with lung lesions.
Histology
Histological examination showed the intestinal tract to be the organ system more consistently involved. As listed in table 111, 20 monkeys had lesions limited to the intestinal wall and mesenteric lymph nodes, while 16 others had similar lesions with varied extension to other organs. The feature common to all lesions was accumulations of macrophages with large amounts of faintly eosinophilic to amphophilic cytoplasm. Acid-fast stains showed large numbers of bacterial rods that filled the macrophage cytoplasm. Extracellular acid-fast bacteria were uncommon and usually were interpreted as the consequence of mechanical disruption of macrophages. The macrophages occurred as focal to diffuse accumulations, and with rare exceptions, no evidence of the unitized granuloma with central necrosis typical of Mycobacterium tuberculosis was seen. Granulocyte infiltrates and necrosis also were uncommon. Lymphocyte and plasma cell infiltrates were varied, but typically modest, in lesions of nonlymphoid organs. The large intestine was the organ most frequently involved; it typically contained the most severe lesions related to the mycobacterial infection. No gastric or esophageal invasion by acid-fast bacteria was found. The large-intestinal lesions were characterized by increased mucosal thickness due to marked accumulation of large epithelioid macrophages in the lamina propria, resulting in uniform separation of glandular crypts ( fig. 1, 2) . In more severe lesions, the bacteria-containing macrophages extended into the submucosal and muscular layers, especially along lymphatic vessels, to the mesenteric lymph nodes. The smallest and apparently earliest largeintestinal lesions consisted of inconspicuous groups of macrophages in the lamina propria beneath the surface epithelium. Surface ulcers and associated scars were seen, but occurred only after marked distortion of the mucosa by the bacteriacontaining macrophage accumulations. Mild small-intestinal lesions were accumulations of large macrophages in the lamina propria of the villus tips. In the more extensive lesions, macrophages extended around the crypts to the submucosa. Smallintestinal lesions containing acid-fast organisms were present in all but one monkey with colonic involvement, but colonic lesions were typically more extensive and severe.
Mild lymph node involvement was limited to the subcapsular and cortical sinusoids and progressed in typical cases to total effacement of normal architecture. In cases of severe involvement with gross enlargement of lymph nodes, there were usually few cortical lymphocytes present and follicles were not detectable. Only two monkeys with mesenteric lymph node involvement did not have associated intestinal wall lesions. One of these had a six-month course of diarrhea and lymphadenopathy, and was the only one from which M. avium serotype 18 was isolated. The second monkey had serotype 1 isolated from both a histologically involved mesenteric node and fecal samples taken one month apart. The presence of M. avium in the feces suggests that intestinal mucosal lesions were present, although they were not found histologically in ten sections of intestine.
Spleen, liver, and bone marrow involvement was characterized by multifocal, random accumulations of bacteria-containing macrophages. In the spleen, these foci either were scattered randomly within the red pulp or, less frequently, formed a collar-like zone of macrophages in the marginal zone separating red and white pulp. Often, there were fewer bacteria per macrophage in these organs than in the intestine and mesenteric lymph node lesions of the same monkey.
Four of the six monkeys with lung involvement also had typical, severe intestinal and lymph node involvement. Of these four, two had multifocal, discrete accumulations of bacteria-containing macrophages located randomly in the alveolar walls ( fig. 3) , while two had bacteria-containing macrophages only as a part of the inflammatory cell accumulation around lung mite lesions. There were few bacteriacontaining macrophages in the lung mite lesions. The two monkeys with mycobacterial lung lesions with no other organ involvement were colony-born juveniles between one and two years old. These two had unusual lesions characterized as discrete granulomas with central necrosis and multinucleated giant cells (fig. 4) .
These two monkeys, and the one with a solitary mesenteric lymph node lesion described above, were the only ones with unitized granulomas comparable to those induced by M. tuberculosis.
The brain was involved in one monkey with severe involvement of the intestine, peripheral and visceral lymph nodes, spleen, bone marrow, and lung. Multifocal neural lesions were most numerous in the brain stem, and were characterized by focal parenchymal destruction including cell necrosis, demyelination, and axonal swelling. The inflammatory infiltrate was predominantly macrophages with moderate numbers of multinucleated giant cells and lymphocytes. The macrophages contained fewer acid-fast organisms than did other tissues.
M. avium was isolated from various tissues of four monkeys with typical diarrhea with no other recognizable cause. Histology, however, showed no typical lesions or acid-fast organisms. Serotype 2 was isolated from two monkeys, serotype 1 from one, and serotypes 4 and 8 from one. Histologic examination showed chronic colitis in all these monkeys, but no evidence of mycobacterial infection or other specific causal agent was found in tissues examined histologically with a thoroughness equal to, or greater than, other specimens of this series.
Evaluation of immunologic status
Several monkeys in this study had additional concurrent spontaneous diseases that contributed to their physical deterioration and death. These concurrent diseases Table IV . Cellularity of B and T lymphocyte-dependent areas of lymphoid organs from monkevs with nontuberculous mvcobacterial disease
Number of monkeys
Change in B and T cell area cellularity Increased B and T Increased B and decreased T Decreased B and increased T Decreased B and T Normal B and T cell area cellularitv included 11 cases of malignant lymphoma, five cases of amyloidosis, and one case of progressive multifocal leukoencephalopathy [3] .
Changes in the cellularity of B and T lymphocyte-dominated areas of lymphoid organs of 21 monkeys are listed in table IV. The follicles of lymph nodes and spleen were evaluated for B lymphocyte-dominated areas, and the deep cortex of lymph nodes and the periarteriolar lymphatic sheaths were evaluated for T lymphocytedominated areas. Many monkeys could not be evaluated adequately because of organ effacement by the mycobacterial lesions, malignant lymphoma, or amyloid deposits.
Bacteriology
Mycobacterium avium-intracellulare group isolates were obtained from various diseased tissues of 13 monkeys. Three monkeys had serotype 1, four had serotype 2, two had serotype 4, two had a mixture of serotypes 1 and 8, one had a mixture of serotypes 4 and 8, and one had serotype 18.
Discussion
Forty-two cases of nontuberculous mycobacterial disease in rhesus monkeys were identified at the California Primate Center from 1970 to 1978. Thirty-eight of these cases were identified by the presence of acid-fast bacteria in suspect lesions. Four others were identified by isolation of the organism from monkeys with chronic diarrhea and skin reactivity to M . avium tuberculin. Evaluation of prevalence data showed that the disease has affected young and old monkeys of both sexes, wildcaught and colony-born, in both inside and outside housing.
The disease affected primarily the intestinal tract and mesenteric lymph nodes, with varied dissemination to the spleen, liver, bone marrow, and lungs. The illness typically had clinical signs referable to the intestinal lesions. Brain involvement was found in only one monkey. The large intestine usually was involved more severely than the small intestine. In typical severe cases, thickening of the intestinal wall, lymph node enlargement, and lymphangitis were evident at necropsy. In several other clinical cases of diarrhea, gross intestinal lesions were not found. The usual histologic lesion was organ distortion by an accumulation of large epithelioid macrophages containing many intracytoplasmic acid-fast bacteria. Mild lesions were located in the more superficial lamina propria of the large intestine and the tips of distal small intestinal villi. Bacteria-containing macrophages accumulated first in the sinusoids of lymph nodes, with subsequent effacement of all anatomic features in severe cases. The macrophage lesions occurred as random foci in the sinusoids of the liver, red pulp of the spleen, and sinusoids of the bone marrow. The presence of bacteria-filled macrophages in the periphery of pre-existing mite lesions in the lungs suggested dissemination via bacteria-containing macrophages.
The immunologic status of monkeys with disease associated with nontuberculous mycobacterial infection is known to be different from normal monkeys in the same colony. Serum electrophoresis studies have shown that those with nontuberculous mycobacterial disease have an average gamma globulin level twice normal 181. Studies on blood lymphocytes from affected monkeys have shown decreased numbers of T lymphocytes and decreased mitogen response [ 5 ] . In our study, there was no consistent morphologic abnormality in the cellularity of B and T cell areas of lymph nodes and spleen. The typical findings in monkeys without concurrent malignant lymphoma or another disease process directly affecting the lymphoid organs were a general increased cellularity of T cell-dependent areas (13 monkeys) with either an increase or decrease in B cell-dependent area cellularity. Macrophage function in rhesus monkeys has not been specifically examined in cases of nontuberculous mycobacterial disease. Monkeys with nontuberculous mycobacterial disease frequently have concurrent diseases such as malignant lymphoma, amyloidosis, and progressive multifocal leukoencephalopathy, which also have been shown to have abnormal immunologic parameters [4, 5, 81. 
